Introduction: physicians are often asked to prognosticate soon after a patient presents with stroke. This study aimed to compare two outcome prediction scores (Five Simple Variables [FSV] score and the PLAN [Preadmission comorbidities, Level of consciousness, Age, and focal Neurologic deficit]) with informal prediction by physicians. Methods: demographic and clinical variables were prospectively collected from consecutive patients hospitalised with acute ischaemic or haemorrhagic stroke (2012-13). In-person or telephone follow-up at 6 months established vital and functional status (modified Rankin score [mRS]). Area under the receiver operating curves (AUC) was used to establish prediction score performance. Results: five hundred and seventy-five patients were included; 46% female, median age 76 years, 88% ischaemic stroke. Six months after stroke, 47% of patients had a good outcome (alive and independent, mRS 0-2) and 26% a devastating outcome (dead or severely dependent, mRS 5-6). The FSV and PLAN scores were superior to physician prediction (AUCs of 0.823-0.863 versus 0.773-0.805, P < 0.0001) for good and devastating outcomes. The FSV score was superior to the PLAN score for predicting good outcomes and vice versa for devastating outcomes (P < 0.001). Outcome prediction was more accurate for those with later presentations (>24 hours from onset). Conclusion: the FSV and PLAN scores are validated in this population for outcome prediction after both ischaemic and haemorrhagic stroke. The FSV score is the least complex of all developed scores and can assist outcome prediction by physicians.
Introduction
Relatives and patients with stroke frequently ask physicians what their outcome will be following stroke. Recently a variety of outcome prediction scores have been reported [1] [2] [3] [4] [5] [6] [7] including some for acute ischaemic stroke (AIS) patients treated with thrombolysis [8] . The majority of these scores and models refer only to AIS, although some apply both to AIS and intracerebral haemorrhage (ICH) [2, 7] . These scores vary in their complexity, and the majority include predictor variables such as age, pre-stroke functional status (commonly modified Rankin Score [mRS] [9] or Oxford handicap score) [10] and/or comorbidity, and stroke severity (commonly the National Institutes of Health Stroke Scale score [NIHSS] or fewer simple clinical variables, e.g. PLAN or FSV score) [1, 2] . Recent studies have shown the utility of both the five (FSV) and six simple variable (SSV) models and scores to predict good or devastating outcome for both AIS and ICH patients [2, 7, [11] [12] [13] [14] [15] . Outcome prediction using a score or model is unlikely to be useful in clinical practice unless it performs better than informal clinical prediction. Our study aimed to assess whether the FSV and PLAN scores were superior to informal prediction by physicians with a broad range of clinical experience.
Methods
Data from patients hospitalised in Aberdeen Royal Infirmary due to AIS or ICH have been continuously entered into the Scottish Stroke Care Audit since 2005 [16] . The acute stroke unit (ASU) is a 16-bed unit covering a population of 523,000 in the North East of Scotland and 42,000 in Orkney and the Shetland Isles, and admits approximately 600 patients annually. Between November 2012 and December 2013, we performed an additional stroke outcome audit to assess whether hospitalised patients from our centre had predictable outcomes based on previously developed risk scores. The majority of patients (n = 534, 93%) were treated on the ASU. Patients unable to be treated on the ASU due to capacity limitations were supported by a mobile stroke team of allied therapists and a stroke physician, and later transferred to a stroke rehabilitation unit where appropriate. At the first neurological assessment, a single assessing physician from the stroke team collected clinical variables: gender, five simple variables (age, pre-stroke functional status [mRS] [8] , whether verbal Glasgow coma score is normal [verbal GCS = 5], ability to walk independently and raise both arms off the bed) and Oxfordshire Community Stroke Project (OCSP) classification [17] . Additional PLAN (Pre-admission comorbidities, Level of consciousness, Age and focal Neurological deficit) score variables were collected (prior or concurrent active or metastatic cancer, presence of severe leg weakness [i.e. unable to lift one leg off the bed], atrial fibrillation [AF], neglect or aphasia, presence or history of congestive heart failure or pulmonary oedema, whether patient was drowsy or unconscious) [1] . The PLAN and FSV scores were selected since they used simple variables that did not require specialised training. The FSV score differs from the SSV model as it omits the variable living alone pre-stroke, which has limited predictive value [11] [12] [13] 18] . The assessing physician also estimated one of three possible outcomes: alive and independent (i.e. good outcome, mRS 0-2), or a devastating outcome (mRS 5-6) or neither (i.e. mRS 3-4) at 6 months. These specific outcomes were chosen since previous risk scores (FSV and FSV DEV ) had been developed for good and devastating outcomes [2] . The assessing physician also estimated residential status at 6 months, whether living at home or in a nursing home, or to have died (i.e. mRS 6). Cerebral imaging (computed tomography) was performed in all patients and was typically available at the time of outcome estimation. The clinical experience of the assessing physician was recorded (full-time equivalent years); experience ranged from doctors in their first year post graduation, to up to 40 years of experience. Physicians were grouped as either having 0-4 years (i.e. junior or less experienced) or 7 or more years of experience, since the latter group had at least 1 year experience working in stroke whereas the former group had only 0-6 months stroke experience. No physician had 5 or 6 years of clinical experience. Assessing physicians did not calculate a prediction score. All junior doctors (≤4 years of experience) received training to determine OCSP subtype, FSV and PLAN variables and mRS scores.
For patients having recurrent stroke within the study period, only their first stroke was included. AIS patients who received intravenous thrombolysis had clinical variables recorded pre and 24 hours post thrombolysis. A diagnosis of stroke was defined as a sudden-onset focal deficit of cerebral origin lasting for ≥24 hours, where cranial imaging showed either positive evidence of AIS or ICH, or was normal and the clinical syndrome was most consistent with stroke. Confirmation of a clinical diagnosis of stroke was obtained by reviewing the working diagnosis at weekly multidisciplinary meetings and the discharge report. Completed audit forms were reviewed during weekly multidisciplinary meeting to ensure data quality.
Patients were followed up at 6 months post-stroke as part of routine practice. Place of residence and mRS were recorded by either of two Chest, Heart and Stroke Scotland nurses (home visits), a research nurse or a physician (both by telephone follow-up). All four assessors were certified in administering the mRS, each having more than 5 years of experience and were blinded to baseline prediction. This audit was approved by our local ethics committee without consent from each individual patient for the purposes of quality assurance and monitoring of practice. Data were anonymised prior to analysis. All clinical variables and follow-up were complete aside from missing prediction of mRS (n = 5) or residential status (n = 25), and missing OCSP status (n = 4).
Statistical analysis
We compared the predictive accuracy of a good or devastating outcome by prediction scores and physicians using the area under the receiver operating characteristic (ROC) curves (AUC), computed by a non-parametric method [19] . An AUC of 1 implies perfect discrimination, whereas an AUC of 0.5 implies the model performs no better than chance. The best model was defined as the model with the largest AUC [19, 20] . The mean and confidence intervals of AUCs were calculated using bootstrapping with re-sampling occurring 1,000 times [21] . Comparisons of the mean AUC values from different settings were conducted using analyses of variance. All tests were two-tailed, and statistical significance was determined at α level of 0.05. Data are expressed as means or medians; univariate analyses were performed using t-test and Chi-square test where appropriate. All analyses were conducted using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Six patients (1%) were lost to follow-up leaving a final patient group of 575. Median age was 76 years (interquartile range [IQR] 66-83); 46% women, 70 (12%) ICH. Fifty-seven percent of AIS patients had visible acute cerebral infarction on cranial imaging. Assessing physicians had a median of 8 years full-time equivalent clinical practice (range 0-40 years, IQR 1-13 years), with 32% having ≤1 year and 49% having >10 years of experience (i.e. consultant level).
Good outcomes were seen in 47% and devastating outcomes in 26% of patients 6 months after stroke. Three hundred and eighty-six (67%) were living in their own home, 54 (9%) in a nursing or residential home, 26 (5%) still in hospital and 108 (19%) had died. Median FSV score was 2 (IQR 0-4, range −4 to 5), median FSV DEV score was 4 (IQR 1-7, range 0-14), and median PLAN score was 10 (IQR 8-13, range 4-22.5). Several variables were highly significant (P < 0.0001) univariable predictors of both good and devastating outcome; age, pre-stroke mRS, ability to walk unaided or lift arms, significant leg weakness, normal verbal GCS, impaired consciousness, and the TACS and POCS OCSP subtypes (Table 1) . Physician prediction was more optimistic than observed outcomes: predicted good outcome 53% versus 47% observed; devastating outcome 14% versus 26% observed; and mortality 10% versus 19% observed; 72% living at home versus 67% observed; 19% living in a nursing home versus 9% observed.
Predicting good and devastating outcomes
The multivariate odds ratios for the variables and points of the FSV and FSV DEV risk scores are shown in Table 2 . The FSV, FSV DEV and PLAN scores were superior to physician prediction for both good and devastating outcomes by AUC-ROC analysis (AUCs of 0.823-0.863 versus 0.773-0.805, Table 3 , Supplemental Figure 1a-b) . The FSV score was statistically superior to the PLAN score at predicting good outcomes (AUC 0.831 versus 0.823, P < 0.001), whereas the PLAN score was statistically superior to the FSV DEV score at predicting devastating outcomes (0.863 versus 0.847, P < 0.001, Table 3 ).
There was evidence that senior physicians (≥7 versus ≤4 years of experience) had better outcome estimation; AUC to predict good outcome was 0.716 for junior versus 0.815 for senior physicians (P < 0.0001), with FSV score being superior to both (AUC 0.831, P < 0.0001). For devastating outcome estimation, AUC was 0.734 for junior versus 0.842 for senior physicians (P < 0.0001) with no difference comparing FSV DEV with senior physicians (0.845 versus 0.842, respectively, P = 0.34), but FSV DEV was superior to junior physician's estimation (P < 0.0001). Senior physicians were more likely to be assessing patients with TACS OCSP subtype (27 versus 18%, P = 0.012), or patients who were thrombolysed (25% versus 16%, P = 0.013), and that were assessed earlier (mean of 23 versus 35 hours from symptom onset, P = 0.004).
Comparing all patients whether assessed before or after 24 hours from symptom onset showed that later outcome prediction was more accurate for both good (FSV score, 
Discussion
This study validates the FSV, FSV DEV and PLAN scores for predicting good and devastating outcomes in a Scottish stroke population. The FSV score was marginally superior to the PLAN score for predicting good outcomes, and vice versa for predicting devastating outcome. This is likely explained by the fact that the FSV score was developed to predict good outcome [2, 11] , whereas the PLAN score was developed to predict 30-day and 1-year mortality [1] . FSV-based scores and models are superior or non-inferior to other prediction scores/models when directly compared [2, [11] [12] [13] [14] [15] , or when compared to NIHSS-derived models for thrombolysis-treated AIS patients [18] , in large registry stroke populations [13] or compared to models using radiological findings [11, 22] . Some prediction scores use variables requiring advanced skills (i.e. radiological assessment of early ischaemic change, presence of hyperdense arteries and use of NIHSS) [3, 4, 8] . The FSV and SSV models are validated in hyperacute stroke and are valid at predicting 3-or 6-month outcomes [11, 22, 23] .
Clinical estimation of outcome is imprecise and this study suggests that use of prediction scores may marginally improve physician's prediction of outcome, particularly in estimating good outcomes and assisting less-experienced physicians. Most prior studies [7, 15, 22, 24] suggest no additional predictive accuracy using scores or models. The JURASSIC study of physician outcome prediction using five simulated patient scenarios suggested that the iScore is superior to physician prediction [5, 25] . A possible limitation of a study using simulated patients may be lack of awareness of pre-stroke medical comorbidity and disability, and the quality of the individual patient assessment which is not captured by clinical scores. A recent study found no difference between physician's prediction of outcomes and a variety of predictor scores [22] . However, this study included a majority of outpatients assessed more than 2 weeks from their stroke onset and hence had milder strokes than in our study (e.g. 72% of patients able to walk unaided compared to 34% in our study). Also outcome prediction was easier or more accurate in outpatients compared to inpatients [22] . The superiority, over physician estimation, of the FSV and PLAN scores to predict outcome is partly explained by less accurate estimates by junior physicians, although senior physician prediction for good outcomes was also inferior to score prediction. However, it is typically senior physicians who make significant treatment decisions, e.g. to withdraw active treatment. Good outcomes were more difficult to predict than devastating outcomes in general as AUC values tended to be higher for devastating outcomes (Table 3 ). The improved predictive accuracy using FSV or PLAN score could inform physician's discussion with patient's and relatives since they show statistically superior outcome prediction on a population level; however, we cannot infer that individual patient management decisions can be made based on the scores, as this would require a randomised trial. We found that physicians tend toward optimistic outcome prediction, supported by a recent study where physicians underestimated 3-month mortality after ICH (14.5% predicted versus 37.1% observed) [24] . Similarly studies suggest that physicians optimistically estimate survival in patients with terminal cancer [26] . Physicians may generally tend towards assuming optimistic outcomes and underestimation of poststroke complication rates. This study has several potential limitations. We included a whole stroke population including ICH patients, thrombolysed and non-thrombolysed AIS patients. ICH was included since we previously demonstrated that ICH is not an independent predictor of outcome after accounting for other more predictive clinical variables [11, 12] . Our predictions were made at first assessment mostly within 24 hours of onset although predictions are more accurate if performed >24 hours from onset and the relationship between stroke severity and 90-day mRS strengthens over the first 24 hours [27] . However, early prediction can be important for early clinical decision-making although discussion of prognosis with patients and relatives must take into account changes over time. Stroke patients in our hospital not admitted to ASU still receive rehabilitation via a mobile stroke team, or may be later transferred to a stroke rehabilitation unit. Although this may have influenced outcome, since admission to an ASU is associated with improved outcome in Scotland [16] , patients with mRS 5-6 at 6 months were not less likely to have been admitted to ASU (90% versus 92%, P = 0.057). Other limitations include interrater reliability of clinical outcome, although all assessors were trained in administering the mRS. Some of the assessors were familiar with the SSV model as an outcome predictor, but they were asked to estimate outcome on their own clinical judgement and experience.
In summary, this study validated the FSV, FSV DEV and PLAN scores in a Scottish population and demonstrated that they offer greater predictive accuracy than informal prediction by some physicians. Additionally, outcome prediction based on status more than 24 hours allows greater predictive accuracy.
Key points
• Prognosis after stroke is often requested by patients or relatives.
• Physician outcome prediction soon after stroke is over optimistic.
• The FSV and PLAN scores perform well in predicting independent survival and devastating outcome.
• Scores such as FSV and PLAN are superior to junior physician outcome prediction, and marginally superior to experienced stroke physicians.
• FSV and PLAN scores could support outcome prediction in discussions with patients and relatives.
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